
Radiation Evaluation of An Advanced 64Mb 3.3V DRAM and
insights Into the Effects of Scaling on Radiation Hardness

1). C. Shaw, G.M. Swift, 1).J. PadgWt :md A.}], Johnston
Jet Propulsion 1,rrborat( wy

(~alifornia  Institute of ‘I’eclltio]ogy
Pasadena, CA 91109-W99

AHSTKACI’

“1’otal ioni~.ing dose radiation cvaluafions  o] a 64h4b l)RAM arc prescntccl. “J’hc  cffecls
of scaling on radiation hardness are studied u[ilizing  ((:st  strwcturcs ad 16Mb I)RAMs
with varying feature sires from the same line.



. .

Radiation Evaluation of An Advanced 64MtJ 3.3V DRAM and
]nsights Into the Effects of Scaling on Radiation 1 Iardncss

1). C. Shaw, GM. Swift, D.J. I]aclgett  aIId  A.H. Johnston
Jet Propulsion 1.aboratorv

California Institute of Tcchm)logy
Pasadena, CA 91109-8099

ABSTRACT

In this paper, total ioni7ing  dose radiation evaluations of a 6zlMb 3,3V, fast page mock DRAM and the IBM
LUNA-}N 16Mb lIRAM arc prcscntcd.  The effects of scaling on tot;il  ioniz,ing  dose radiation hardness arc stucliccl
utilizing test structures and a series of 16 Mb DRAMs with different lkature sires fronl  the same manufacturing line.
Hxcellcnt  agreement was found between the threshold vohagc shifts  of 16 Mb I)RAM test structures and the
threshold voltage  measured oJ~ complete circuits using retcnlion time J neasurmcnls.

INTRCHXJCTION

Advances in IJRAM density and performance continue to occur. Currently, densities of 1 Gb are being
achieved in advanced prototype IJRAMs  [1-2]. llxign  rules for these advanced DRAMs arc 0.25 pm or less with
sub-micron ccl I areas. As device gcometty  shrinks radiat  iol] hardness can bc altered significantly.

]n earlier work wc showed that retention time was a useful  circuit-level parameter to evaluate total close
degradation of IX<AMS [3]. Results of the earlier work shc)wcd that there was no strong  correlation with increased
device scaling and radiation tolerance for I)RAMs with 0.5 to 0.8 p]n feature sizes.  }Iowcvcr,  there was a general
trend towards lower total ionizing dose tolmmcc for devices with rc(lucwd  supply volta~cs,

l)RAMs continue to gain acceptance for critical space flight apj)lications. Cassini, Mars-Pathfinder, Clcmintine,
MES(JR, and Pluto Iixpress  arc examples of current ancl future space projects that arc either using or exploring the
potential for l)RAM spacecraft insertion. Application of I I1<AMs  ill space is typically in solid state re.corclcrs
(SSRS), which require large amounts of memory with the lowest power possible.. ‘l’his makes the I)RAM a natural
choice because of their high density and low power consumption.

~XfTRIMl\N’1’Al. APPROACtI

Electrical measurements on I)I<AM circuits were performed with an Al )VAN’l’liSrJ’  “1’3342  V1 .S1 test
system. q’cst structures were measured with a } le.wlett-Packard 40(~2C  semiconductor parametric measurement
systcm. All devices were irradiated with a ‘Co roon~ type. irr:idiator,  at 10-65 r:id(Si)/sc.c  at room temperature.
Source calibration was maintained using a Ml)] 1 ]ndustrics  ]nc. model 2025AC Radiation Monitor usecl with the
moclel 20X5-O.6 ion chamber.

While dynamic bias was maintained on all lJRAMs tcstecl,  automatic ill-situ  lncasurcmcnts  were made on a
regular basis of standby supply current, operating suppiy current, output drive cuncnt,  and functionality. “1’hcse
mcasurcmcnt  were followed by a complete. remote mcasurcnvmt  of electrical performance by removing the device
under test from the in-situ fixture and inserting it directly onto a sct:ond  test hea(i. lmsitu  mcasurcn~cnts  correlated
well with remote measurements in all cases.

IIevices used for this work includecl  16Mb I) KAMs, test  stru( mm flonl the 16h4t>  line, ancl a 64Mb DRAM.

Test structures were obtained for 16h4b I)RAMs from one manufacturer which allowed direct corroboration of
the relationship between retention time and threshold voltage which will bc discussed in a later section of this paper.
A few characteristics of the test structures and the 16Mb I) RAM il~e summarized in “l-able 1 below.
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‘I%e 33V 64Mb I)RAM is configured as a 16Mcg  x 4 bit memory may. ~’his  I) RAM is fabricated with 0.37
pm design rules and has an 11 nm access transistor gate oxide thickness. Additional dcvicc  information for the
64Mb l) RAM is included in Table I below.

Table 1. Dcscri tioli of Test 1 )evices.

Device Type

- - - - - ----:--:Zi;ZiE
Memory

Configuration ““”’-’
16 Mb ‘lest
Structures Ap@lcablc

16 Mb DRAM 4 Meg x 4 Bit . . .
64 Mb I)RAM

--16 Mcg ~ ~ ~lit
. . j- . 2

EXPINUMENTAI. RRSUIjTS

641Wb,  3.3V,  last Page Mode III(AM

This I)RAM, which is a prototype of a new product thai is in dc\elopnmrt  was irfadiatcd at 10 rad(Si)/second
while dynatnically  biased, in-situ measurements of dynamic supply current, standby supply current, input leakage
current high, and functionality with error count were taken  using a 10 foot in-situ cable that allowed full tester
capabilities at the device under test.

in ]iigure  1, standby supply current is plotted as a function of dose. Note that standby current starts out at about
500 pA and increases rapidly to over 4 JnA after 15 krad(Si).  l“he cl{.vice  continued to operate at higher levels of
radiation ancl exhibited functional failure at 30 krad(Si).  Radiation tcsponsc  of this device was very similar to that of
older devices fmm this manufacturer. Retention time measurements were also mock on this clcvice,  and they bchaveci
simiiariy  to olcicr l> RAMs. The fuli paper wiii inc]udc additional dala which wiil be. analyzed ancl comparecl  10 other
devices.

In previous work [3], WC. noted two distinct classes of supply current degradation. in the first class of
cicgradation  a rapi(i increase in supply curuent occurs followed by functional faiiurc. l;igure, 2 shows this type of
current cicgraciation.  l’i]is  first class of current cicgradation  is believed to bc field oxide inversion which COUICI easily
account for the cxmssivc current.

A seconci  type of current degra(iation  can be seen in Figure 2 and that is a mole gra~iual  increase with functional
failure occurring at substantially higher total doses. The seconci,  more gradual currcmt (iegraciation  mode is believed
to be caused by threshold voltage shifts in the access device of the Inemory  ccl]; test structure test data, discussed in a
later section, corroborates this assumption.

DRAM retention time mcasuremnts  can provi(ie. indirect info] mation  about clwnges in the tilreshoici  voitagc  of
internal transistors proviciccl  certain assumptions are valid, namely that the primary source of leakage current in the
DRAM storage element is subthresholci  Icakagc in the access transistor. Note that ti]c threshold voltage ti~at  applies
here cormponcis to the very low current region of the cicvice  characteristics. With [he assumption that Icakage
current on the DRAM array is dominated by subthreshold  leakage, changes in Iete.ntion  time is propollionat  to
current.

Changes in subtiwesho]ci  current can bc related to changes in t] Ircshoki  volt ag,c by the e.cluat  ion:

()log : =- –~!-
2.303T’r’

where: 11, IZ=sllbtilres}lol(i  current, m==subthreshold  slope, II= I!ole trappin~,  efficiency, anti D==ciose  in kraci(Si).

(1)
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Which can bc cxprcsscd in lcrms of retention time by the followitlg:

() (3.6x lo-~ )lox’,1,,,1)
log ~-? = - –-

11 2.303
(2)

whcm: t], ~z=rckmtion  time (50% Icvcl), m=sublhrcshold  slope,  II=holc lrapping,  cfflcicncy,  lHOSC  in krad(Si),
and lox is expressed ill Jllll.

This allows thrmhold  voltage changes due to radiation 10 bc dclcrmincd  from cilcuit  level paranlcters.

Rc[cntion  time distributions can also bc used to evaluate the distl ibu[ion  of threshold voltages on the entire
DRAM array, as WC]] as the uniformity of these distributions after irracliation.  l~or example, the ciistribution  of
retention times in Iiigure  3 cormponcts  to a standard deviation of ap~moxima[cly  8 JUV in threshold voitagc assuming
that subthre.shold  Icakagc.  is the dominant mechanism. ‘l’his further corrobol-{ites  the rclat ionship  bet wccn retention
time and threshold voltage shift in l) RAMs. If we assume. thal the n[)minal threshold voltage is 0.7V, this
corresponds to a thrcsho]d  fluctuation of 7 mV for the clistribution  of devices on the entire chip. “l’his compares
closely with calculations of the effect of doping ftucluatims on threshold voltage of -t\- 9 nlV of 0.6 141n devices from
Reference 4. lival~lating  the standard c{eviation  of V, at different ra{liation  lCVCIS shows that it is essentially
unchanged.

The effective threshold volts.gc can be cxtractcd from the mean value of the normli~.ed  retention time, as shown
in I:igurc4.  Nc>tctl~att hcslol>cis  ]~carlycc J1~stat~(,\v hic}lco rresl>of]~lsto  thccas~:\v llercox idctral>sc] olllillzltet}lc
thimhold  voltage response. All three  16Mb dcviccs have similar slopes,  and COrI-eSpOJKl  to aboul  109’o hole trapping
for oxide thicknesses of 15 nm. ‘1’he test structure data available fol onc of the device types provides a direct check
on the validity of this approach. As shown in l;igurc 5, the. threshold volta~,c slope is linear with dose. It is only at
the highest dose of 55 krad(Si)  th:it  field oxide leakage occurs ancl distorts the subthrcsbolcl  charactcris(ics  and can bc
seen in l~ig,um  5 as an anomalous increase in AVII ktwccn  45 and 55 krad(Si).

l;igurc 6 shows a subthrcsholr!  plot for the 16Mb 5V/3.6V process test structure. ‘1’ransistor  dimensions are:
0.864/0.675 pm. Note the large current increase at the hi~,}lcst  dost of SS krad(Si).  ‘1’his  is due to field oxide leakage
in the device and is also indicated as increased AVII in l+’i~,urc  5.

SI.JMMARY

~’otal  ioni~,in~,  dose.  clata have been prc.sented  for the fll st time t’or a 64Mb 3.3V IJRAM. A JICW method of
measuring individual cell response to ionizing  radiation using rctm]tion  time was shown to cortclatc  very well with
threshold voltage data [akcn from test structures from the same 16!vlb  l)RAM process.

l’hc full paper will include clata taken from l) f<AMs using, tcs[  modes [hat allow special operation of the dcvicc.
‘1’hcse  data will yidct  additional insight into the effects of ioni~ing  ] aciiatioil  on hip,hty  scaled dcviccs.
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liiguw 1. Stan(iby  Sui>ply Current  vs. Dose for a 64Mb IJl<Ahf
Note tbe rapid onset of curren~  alter 15 kl-ad(Si).
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l’i,gure  3. Retention time. curves for the I13M 1,UNA-ILS
16Mb l)RAM, witil ciosc as a paranwkr.

Threshold Volatage  Shift (with Charge Component
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Figure 5. ‘J’hrcsbold  voltage and  charge  separation l’crt

the 16Mb 5V/3.6V l) RAM test structure..
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I;igure, ?.. SLIppiy  cu]-wnt  vs. dose for three 16h4b  I) RAMs.
Note ti~e difl”cl inp, ieakagc  n]ecilrrnisl~~s  for eaci~ device.
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I’igurc  4. Mean nol-nmliz.ccl  retention tinlc vs. ciosc for
sever-al 1 )I<Ah4s. Note tile ciccrcasd  hole trapping

in(iicatc(i  I)y Icciuceci  slope for each l)KAM as scaiing
increases.
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]’igulc 6. Sut)till’cshoi(i  curves for the 1 (ihlb
5V/3.6V IJl{Ah4  test structule.


